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ABSTRACT : 

PURPOSE: To enable a plasma treatment device to 
uniformly treat the surface 

of a board by a method wherein a gas discharge structure 
having a 

two-dimensional array of a large number of holes for 
emitting neutral gas is 

provided at a boundary between a plane antenna and a plasma 
generating region, 



where the plasma treatment device generates plasma taking 
advantage of an 

electron cyclotron resonant effect. 

CONSTITUTION: A treating region where plasma 6 is 
generated and an antenna 

region are isolated from each other by a dielectric plate 3 
and a dielectric 

gas discharge plate 7. Gas required for treatment is fed 
to a vacuum chamber 2 

through a gas inlet 5 from outside. Gas fed to the vacuum 
chamber 2 is 

discharged out into a plasma generating region through a 
large number of holes 

which are below several millimeters in diameter and bored 
in the dielectric gas 

discharge plate 7. Plasma 6 of high density is generated 
by an electromagnetic 

cyclotron resonance induced between a magnetic coil 4 and 
mi c r owave s r adi a t ed 

from a plane antenna 1, In this case, gas required for 
treatment is discharged 

out toward plasma 6 through a large number of holes 
provided to the dielectric 

gas discharge plate 7. Therefore, plasma can be kept 

spatially uniform in 

density. 
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(54) MICROWAVE PLASMA TREATMENT DEVICE 

(57)Abstract: 

PURPOSE: To enable a plasma treatment device to 
uniformly treat the surface of a board by a method 
wherein a gas discharge structure having a two- 
dimensional array of a large number of holes for emitting 
neutral gas is provided at a boundary between a plane 
antenna and a plasma generating region, where the 
plasma treatment device generates plasma taking 
advantage of an electron cyclotron resonant effect. 
CONSTITUTION: A treating region where plasma 6 is 
generated and an antenna region are isolated from each 
other by a dielectric plate 3 and a dielectric gas 
discharge plate 7. Gas required for treatment is fed to a 
vacuum chamber 2 through a gas inlet 5 from outside. 
Gas fed to the vacuum chamber 2 is discharged out into 

a plasma generating region through a large number of holes which are below several 
millimeters in diameter and bored in the dielectric gas discharge plate 7. Plasma 6 of high 
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density is generated by an electromagnetic cyclotron resonance induced between a magnetic 
coil 4 and microwaves radiated from a plane antenna 1. In this case, gas required for 
treatment is discharged out toward plasma 6 through a large number of holes provided to the 
dielectric gas discharge plate 7. Therefore, plasma can be kept spatially uniform in density. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Explanatory drawing showing the 1 st example of this invention. 

[Drawing 2] Explanatory drawing showing the 2nd example of this invention. 

[Drawing 3] Explanatory drawing showing the 3rd example of this invention. 

[Drawing 4] Explanatory drawing showing the example of flat antenna structure of this invention. 

[Drawing 5] Explanatory drawing showing the example of flat antenna structure of this invention. 

[Drawing 6] Explanatory drawing showing the connection method of the equipment of this invention. 

[Drawing 7] Explanatory drawing showing the 4th example of this invention. 

[Description of Notations] 

1 [ — A dielectric board, 4 / — A magnetic field coil, 5 / — A gas inlet, 6 / — Plasma, 7 / A dielectric 
gas-evolution board, 8 / -- A substrate, 9 / - A substrate electrode holder, 1 0 / A reflecting plate, 1 1 / 
- Permanent magnet. ] - A flat antenna, 2 A vacuum housing, 3 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the microwave plasma-treatment equipment characterized by to establish the gas-evolution 
mechanism which has arranged the hole which are a large number which can penetrate the 
aforementioned microwave between the aforementioned flat antenna and a plasma generating field, and 
emit the aforementioned inert gas to it in the plasma-treatment equipment which makes generate plasma 
by having the electromagnet or the permanent magnet which makes generate the flat antenna which 
emits microwave to plasma, and a magnetic field, accelerating an electron using the effect of an 
electronic cyclotron, and carrying out the ionization by collision of the inert gas in the shape of a field 
[Claim 2] It is microwave plasma treatment equipment characterized by for the aforementioned gas- 
evolution mechanism having attached two dielectric boards at intervals of several mm or less in the 
claim 1 , and opening many holes with a diameter of several mm or less in the aforementioned plasma 
generating field side among the aforementioned dielectric boards. 

[Claim 3] Microwave plasma treatment equipment which prepared the microwave reflecting plate in the 
aforementioned plasma generating field and opposite side of the aforementioned flat antenna, and made 
adjustable distance of the aforementioned microwave reflecting plate and the aforementioned flat 
antenna in the claim 1 . 

[Claim 4] Microwave plasma treatment equipment which uses an electromagnet and a permanent 
magnet together as the aforementioned magnetic field generating means in a claim 1 . 
[Claim 5] Microwave plasma treatment equipment whose length of the aforementioned gear tooth the 
interval of the gear tooth of the aforementioned comb is the integral multiple grade of the half- wave 
length in the half-wave length grade of the aforementioned microwave in a claim 1 at the toothed of a 
comb for the structure of the aforementioned flat antenna. 

[Claim 6] Microwave plasma treatment equipment whose length of this electrode two or more electrodes 
is the integral multiple grades of the half-wave length of the aforementioned microwave together with a 
radial in a claim 1 for the structure of the aforementioned flat antenna. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention generates plasma using the interaction of microwave and a 
magnetic field, and relates to the microwave plasma treatment equipment which performs surface 
treatment, such as etching of a substrate, and thin film formation, by plasma. 
[0002] 

[Description of the Prior Art] The conventional microplasma processor is not taken into consideration 
especially about the supply method of material gas like the publication to JP,2-156526,A, but the 
antenna only uses the straight-line-like electrode. 
[0003] 

[Problem(s) to be Solved by the Invention] Since supply of material gas is around a plasma generating 
field, when according to conventional equipment generating high-density plasma and accelerating 
processing, the material gas of a substrate center section becomes short supply, plasma density becomes 
a low distribution in the center highly on the outskirts, and the processing on a substrate becomes 
uneven. Moreover, since antenna structure was only a straight-line-like electrode, the radiant efficiency 
of microwave was low, and the use efficiency of microwave was not necessarily good. 
[0004] The purpose of this invention is to offer the microwave plasma treatment equipment which 
solved the above-mentioned technical problem. 
[0005] 

[Means for Solving the Problem] this invention is equipped with the electromagnet or permanent magnet 
made to generate the plane antenna which emits microwave to plasma, and a magnetic field in order to 
attain the aforementioned purpose. In the plasma treatment equipment made to generate plasma by 
accelerating an electron using the effect of a electron cyclotron resonance, and carrying out the 
ionization by collision of the inert gas The gas-evolution structure which has arranged many holes which 
emit an inert gas to the boundary of a flat antenna and a plasma generating field in the shape of a field 
was established, the reflecting plate was prepared behind the flat antenna, and the characteristic size of 
an antenna was made into the integral multiple of the half- wave length of microwave. 
[0006] 

[Function] Although it is important for improvement in the speed of processing to generate high-density 
plasma, if gas required for processing is supplied from the circumference of a plasma generating field 
like before, plasma density distribution will become uneven. By the method of this invention, in order to 
emit gas in the shape of a field on a substrate, a distribution and plasma density distribution of gas 
become uniform, and the homogeneity of processing improves. Moreover, by making the electrode 
length of a flat antenna into the integral multiple of the half-wave length of microwave, microwave 
resonates to the polar zone and microwave radiation efficiency becomes good. Moreover, a reflecting 
plate is prepared behind a flat antenna, the microwave emitted to back from the antenna can be 
efficiently reflected in a plasma side by adjusting the distance of an antenna and a reflecting plate, and 
the use efficiency of microwave is improved. 
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[0007] 

[Example] Hereafter, one example of this invention is explained according to drawing 1 . The equipment 
of this example consists of a magnetic field coil 4 for generating a vacuum housing 2 and a magnetic 
field, and consists of an antenna field with the processing field and flat antenna 1 which have the 
substrate 8 held with the substrate electrode holder 9 in the interior of a vacuum housing 2, and a 
reflecting plate 10. The processing field and antenna field which generate plasma 6 are separated by the 
dielectric board 3 and the dielectric gas-evolution board 7. The gas by which the interval was being 
airtightly fixed to the vacuum housing 2 with the crevice several mm or less, gas required for processing 
was supplied and the dielectric board 3 and the dielectric gas-evolution board 7 were supplied to the 
crevice through the gas inlet 5 from the vacuum housing 2 exterior is emitted to the dielectric gas- 
evolution board 7 to a plasma generating field through the hole with a diameter of several mm or less 
which were able to be opened. Gas is ionized effectively (when microwave frequency is 4.45GHz) by 
generating of plasma in the position of 875 gausses of magnetic field intensity which causes resonance 
by the effect of the electron cyclotron resonance of the magnetic field coil 4 and the microwave emitted 
from a flat antenna 1, and the high-density plasma 6 is generated. In this case, since gas required for 
processing is supplied to plasma 6 through many holes of the dielectric gas-evolution board 7, uniform 
and uniform processing is spatially attained by plasma density. Moreover, by operating a reflecting plate 
10 in the vertical direction, and adjusting distance with a flat antenna 1, since the intensity of the 
microwave to plasma 6 direction can be made to increase, ionization of gas becomes active and the 
generation efficiency of plasma is improved, the structure of a flat antenna 1 is lambda (n+1/2) doubling 
the length of the electrode of an antenna to the microwave wavelength lambda like drawin g 4 and 
drawing 5 (n : integer), a standing wave is formed in the polar zone in [ microwave ] resonance, and its 
radiant efficiency improves Moreover, when processing a large area substrate, like the example of 
drawing 6 , it is making two or more equipments of this example connect on the shape of a straight line, 
and a flat surface, and the size of plasma can be changed according to the size of the substrate which 
should be processed. 

[0008] Next, drawing 2 explains the 2nd example of this invention. In addition to the magnetic field coil 
4 which is the magnetic field generating means of the 1st example, this example uses a permanent 
magnet 1 1 together. A permanent magnet 1 1 is attached in about one flat antenna, and a cusp field is 
locally formed in the generating field of plasma 6 by generating a hundreds of gausses magnetic field 
and making the polarity N of the approaching magnet, and S reverse. In this example, since the magnetic 
field coil 4 and a permanent magnet 1 1 are used together and magnetic field intensity required for a 
electron cyclotron resonance is generated, power to which electric power is supplied by the magnetic 
field coil 4 can be made low. 

[0009] Next, drawing 3 explains the 3rd example of this invention. A permanent magnet 1 1 is used for 
this example instead of the magnetic field coil 4 which is the magnetic field generating means of the 1st 
example. A permanent magnet 1 1 is attached in about one flat antenna, and a cusp field is locally formed 
in the generating field of plasma 6 by generating a hundreds of gausses magnetic field and making the 
polarity N of the approaching magnet, and S reverse. In this example, in order to generate a magnetic 
field only with a permanent magnet 1 1, an equipment size is miniaturized and it is economical. 
[0010] Next, drawing 7 explains the 4th example of this invention, this example changes the fitting 
location of the flat antenna 1 of the 1st example between the dielectric board 3 and the dielectric gas- 
evolution board 7. Although some flows of gas are barred in this example since a flat antenna 1 is in the 
passage of an inert gas, since a flat antenna 1 is near the generating field of plasma 6 about a flat antenna 
1 , the absorption efficiency to the plasma 6 of microwave becomes good. 
[0011] 

[Effect of the Invention] Since according to this invention gas required for processing is uniformly 
emitted on a substrate and can generate plasma uniformly efficiently, it is effective in it being uniformly 
efficient and being able to perform processing of the membrane formation to a substrate, etching, etc. 
Furthermore, when processing a large area substrate, it can process by generating plasma in an arbitrary 
area by connecting two or more equipments of this invention. 
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